For many commercial building operation job categories, industry consensus has not been reached on the knowledge, skills, and abilities that practitioners should possess. This raises concerns about the future numbers of qualified, skilled workers who will be available to provide the energy efficiency solutions needed in this sector. Although multiple educational programs currently offer industry practitioners broad access to training, program curricula often differ in terms of content and how job roles are defined. This makes it difficult to identify which training programs fulfill job competency requirements, and prevents wider penetration of effective training programs into the commercial building space.
Introduction
The commercial building industry has a diverse field of building operations practitioners, and public and private sector organizations have developed a variety of educational programs to train this workforce. Although these programs offer broad access to training, they often vary widely in both content and how job roles and responsibilities are defined. Practitioners who possess certifications in the same job category from two organizations have likely been tested on different materials. This fragmentation (1) makes it difficult to identify which training and certification programs fulfill job competency requirements; and (2) prevents wider penetration of effective workforce development programs into the commercial building space.
1 The Alliance for Sustainable Energy, LLC (Alliance), is the manager and operator of the National Renewable Energy Laboratory (NREL). Employees of the Alliance for Sustainable Energy, LLC, under Contract No. DE-AC36-08GO28308 with the U.S. Dept. of Energy, have authored this work. The United States Government retains and the publisher, by accepting the article for publication, acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this work, or allow others to do so, for United States Government purposes.
Building owners and policy and program administrators have also become increasingly aware of the effects practitioner's skills have on building energy use, which has lead to an increase in demand for trained and credentialed practitioners. While the market has legitimateand often compulsory-reasons to provide diverse and numerous training and certification offerings, unless the industry agrees about minimum knowledge and skills that commercial building operations practitioners should possess, it cannot understand which program is best suited to each individual's needs.
To address this issue, the U.S. Department of Energy tasked the National Renewable Energy Laboratory (NREL) to develop job/task analyses (JTAs), which identify (1) the tasks performed in a given job; and (2), the associated knowledge, skills, and abilities (KSAs)-the minimum requirements to adequately perform those tasks. The U.S. Department of Energy sponsored the development of JTAs in six commercial building-specific job categories: commercial building energy auditors, commercial building energy modelers, commissioning/retro-commissioning authorities, energy/sustainability managers, facility managers, and operating engineers/building technicians.
Our goals are to help streamline the minimum competencies taught or tested by organizations catering to building operations and maintenance personnel and to provide a basis for developing and comparing new and existing training programs. The JTAs will help individuals identify opportunities to enhance their professional skills, enable industry to identify an appropriately skilled workforce, and enable training providers, such as the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) and the Association of Energy Engineers (AEE), to further enhance the quality of their offerings.
Defining Job/Task Analysis
The term JTA can be slightly confusing, as it may be used to describe both a process and the output of that process. JTA as a process, is "any systematic procedure for collecting and analyzing job-related information to meet a particular purpose" (Raymond 2001, 372) and can be defined generally as a practice used to analyze job-related tasks, along with the KSAs required to support the performance of those tasks. The document resulting from the JTA process, also referred to as a JTA, is often used to describe, classify, and evaluate jobs; ensure compliance with legal and quasi-legal requirements; develop training, promote worker mobility, plan workforces, increase efficiency and safety, and appraise performance (Brannick, Levine & Morgeson 2007, 3-5) . Use of the term JTA in this paper refers to a document, rather than the process.
The Job/Task Analysis Development Process
Each JTA was constructed over the course of approximately 21 months using a sevenstep process. These steps are outlined below, with details about each provided in the subsections that follow:
1.
Identify a JTA development method.
2.
Retain a group of subject matter experts.
3.
Hold the development workshops.
4.
Create JTA drafts. To have the desired influence in the commercial building training and certification space, the content of each JTA needed to be technically accurate and the development process had to instill confidence in the marketplace that the process would lead to the production of a valid, trustworthy, and unbiased document. The JTAs were thus developed in accordance with ANSI/ISO/IEC 17024 -General requirements for bodies operating certification schemes for persons (ANSI 2003) , hereafter referred to as ANSI 17024. This standard, which was developed "with the objective of achieving and promoting a globally accepted benchmark for bodies managing the certification of persons" (ANSI 2012 ) presents a series of development and managerial practices that an organization must follow to attain and maintain accreditation under the standard.
One requirement is to develop and maintain a certification scheme, which is used to create the certification examination; it is recommended that this be based on a JTA. Although the scope of this project did not extend to the development of certification examinations or programs, maintaining consistency with ANSI 17024 ensured the JTAs were developed using a vetted, quality, and industry-accepted process. An added benefit is that interested organizations have the option to leverage the JTAs for use in their own ANSI-accredited certification programs. ANSI 17024 does not, however, mandate a method to develop the JTA. While many methods exist, the Developing a Curriculum (DACUM) process was chosen for this project because it requires active job practitioners to be part of the development process.
The DACUM method is a "storyboarding process that provides a picture of what the worker does in terms of duties, tasks, knowledge, skills, traits and in some cases the tools the worker uses" (DACUM.org 2001). The process uses a trained DACUM facilitator to lead a group of active job practitioners (individuals who are currently employed in the job being analyzed) through a structured, multiday workshop, the result of which is a draft JTA. The content of each developed JTA was thus created by industry, for industry, thereby alleviating any inherent dictatorial or ivory-tower type biases that may have been present had the JTAs been developed by persons who were not active in the job categories.
Certification as a DACUM facilitator has no prerequisites (OSU 2012) ; however, this project used DACUM-certified professional psychometricians (experts in the field of psychological measurement) to facilitate the overarching DACUM process and the individual DACUM development workshops. These psychometricians were also experts with regard to ANSI 17024, and their role helped to ensure consistency with that standard.
Retain a Group of Subject Matter Experts (February-April 2011)
Industry practitioners who were interested in participating in the JTA development workshops were invited to submit applications via a publically available website (Professional Testing, Inc. 2011) . Applicants were required to supply the following information:
• Contact (name, phone number, and email) Qualified industry practitioners were selected based on the applicants' ability to prove they were current practitioners in their specified fields.
Once the applicant pool was reduced to qualified, active practitioners, psychometricians further down-selected the applicants, with the goal of obtaining a group of no more than 12 practitioners for each job category. DACUM groups are usually limited to 12-15 individuals to facilitate an effective exchange of ideas; larger groups tend to have difficulty agreeing. The psychometricians made their selections carefully to ensure
•
The participants were from diverse geographic regions • A wide range of experience levels were represented (novice through expert) This selection method resulted in a qualified group, rather than a set of qualified individuals. Thus, if an originally selected applicant was unable to attend the JTA development workshop, every attempt was made to replace that person with a "like" individual.
Hold the JTA Development Workshops (May-June 2011)
Each participant traveled to the Denver metro area, where the JTA development workshops were held during summer 2011. Table 1 provides an overview of when each workshop was held and how many participants attended. Source: NREL 2012a NREL , 2012b NREL , 2012c NREL , 2012d Because each workshop followed the DACUM process, each workshop was structured the same way and as can be noted from Table 1 , lasted three days.
The first part of workshop day 1 was devoted to identifying duty areas, "large area(s) of work for a specific profession" (DOE 2011, 6) . As an example, one duty area identified during the commercial building energy auditor JTA development workshop was "inspecting building conditions and operations" (DOE 2011, 9) . After the participants were finished identifying duty areas, they identified the job tasks that were required under each duty area. Each job task was required to consist of a verb, a modifier, and a noun; in general the tasks were high level. For example, only eight tasks were identified under the "inspecting building conditions and operations" duty area, one of which was "conduct building envelope audit" (DOE 2011, 9) .
Day 2 was devoted to identifying the knowledge, skills, abilities, tools, and the specific steps necessary to accomplish each identified task. In general, this was the most time-intensive piece of each workshop, as many steps were identified as necessary for the completion of most tasks. For the "conduct building envelope audit" task, 12 steps were identified, along with 10 knowledge areas, six skills and abilities, and two types of tools, equipment, and resources (DOE 2011, 31) .
Some time on the third and final day of each workshop was allotted as makeup in case either of the previous days' activities ran over. Once all the task steps, knowledge, skills, abilities, and tools were identified, the participants were asked to weight each task by rating how often they performed each task and how important that task was to overall job success. Another part of day 3 was set aside to allow the participants to create a one-sentence job description. This description was attached to the final JTAs to provide context to the reader, since most jobs are known by many titles.
Facilitate a Public Comment Period (July-November 2011)
Each JTA underwent two separate reviews to ensure accurate descriptions. The first was a public comment period, in which DOE solicited comments from the public through the Federal Register (NARA 2011). The public comment period was opened on October 14, 2011 and closed at 5:00 p.m. eastern time on November 28, 2011. Table 2 summarizes the number of comments for each JTA. 
Survey Validation (December 2011-March 2012)
The second review was a survey validation, a targeted survey that is a standard part of the DACUM process. Its purpose was to ensure the original workshop participants' delineation of the professional role and the associated weighting factors were correct. Survey validation ensured that tasks were not included erroneously, that no tasks were overlooked by the workshop participants, and that the weighting factors for each task were correct.
The first section of each validation survey posed a series of demographic questions to help the workshop participants evaluate if the respondent cohort sample appropriately represented the targeted population. The following demographic questions were posed to respondents to the survey validation; responses to all were mandatory: Each respondent was then presented with a list of the tasks identified by the workshop participants and asked to rate each based on (1) how frequently it was performed (never, occasionally, fairly often, or very often); and (2) how important that task was to performance of the job (not important, somewhat important, important, or very important). The responses to each question were combined to create a single, weighted value for each task. Respondents were also afforded the opportunity to identify any tasks that were missing and provide comments.
Extensive outreach was performed to provide industry ample opportunity to comment on these documents. Table 3 summarizes the number of practitioners notified, either through direct email or through postings to relevant LinkedIn® groups, that the JTAs were available for survey validation and the corresponding number of responses received. 
Incorporate Comments and Publish Final JTAs (April-June 2012)
At least 50% of the original workshop participants in each job category were reconvened via teleconference and asked to review the survey validation statistical results, individual survey responses, and public comments. Each teleconference was facilitated by a psychometrician who presented the statistical results and comments to the group and modified the JTA whenever the participants felt that modification was warranted to address the comment. This method of incorporating comments was necessary for the final JTAs to be consistent with ANSI 17024 (ANSI 2003) .
A psychometrician then incorporated relevant documentation and statistics related to the survey validation and public comment period into each document. This content included demographic information about the survey validation respondents, details related to survey validation responses, and a discussion of the changes (if any) that the JTA development workshop participants incorporated into the final document. The resulting documents were then delivered to NREL for publication. The reference section of this report provides citation information for all six published documents.
Job/Task Analysis Results Overview
Of all the information contained in each JTA, the content of each DACUM chart is arguably the most important. This table is included as part of Appendix B in each JTA, and contextually lists the duty areas, tasks, steps, and the associated specialized KSAs, and tools, equipment and resources identified as critical to successful job performance. An organization looking to develop or modify a training or certification program would use this table to determine which topics the curriculum should cover (using the final content blueprint, also included as part of each JTA, as a guide for how much time should be spent on each topic).
Examination of the DACUM charts from each JTA led to two interesting observations:
• Areas of direct overlap were found between certain jobs. For example Table 4 , which facilitates comparison of commercial building energy auditor task C.3 to commissioning/retro-commissioning authority task A.3, shows a remarkable similarity between these two tasks, as illustrated by the commonality of many subservient steps.
• Such areas of overlap do not always occur at the same level of detail. For instance, Table  5 shows that several steps identified as part of commercial building energy modeler task B.4 are listed as tasks in the commercial building energy auditor JTA. Overall, this coincidence of critical tasks and steps implies that for certain jobs in the commercial building space, the development of laddered training and credentialing programs may be appropriate for certain jobs. Such programs could use a structure that focuses on key core modules to impart skills of common interest to the workforce (as another example, utility bill analysis and document/plan review tasks were prevalent among the six examined jobs). Then tiered courses could be developed to impart supplementary skills at the appropriate level.
Training or credentialing systems of this type would provide significant benefits over the traditional, siloed approach commonly available to workers in the commercial building sector. Primary among them would be increased access to training and enhanced worker mobility. By eliminating duplicative content through the development of core modules and using tailored supplemental modules that focus on job-specific skills at the appropriate level, commercial building industry professionals would be able to reduce the realized cost of acquiring jobrelevant skills by paying only for the training or certification they want or need.
By lowering the fiscal barrier to training and certification, not only would practitioners be afforded easier access, but more practitioners would be encouraged to pursue such skillenhancing pathways. This could result in a more educated workforce and, by cultivating a larger overall trainee pool, in additional revenue for training and certification providers. Also, the use of tailored supplemental modules would provide a clear series of steps for incumbent workers to obtain the incremental skills that would allow them to move from job to job within the commercial building industry.
Significant work remains to be done before such programs can be developed. The pathways and areas of commonality between all commercial building-related jobs of interest must be comprehensively mapped. Thorough examination of the duty areas, tasks, and steps contained in the six JTAs referenced in this paper represents a logical and appropriate starting point for such an analysis; however, considerable further work, including the development of JTAs for additional job categories, would likely be necessary to properly identify all relevant pathways in the commercial building sector. Additionally, the development and examination of JTAs in related fields, such as the residential building sector, could identify logical and robust pathways for workers to transition effectively between relevant industries.
Next Steps
Building owners, state and local policymakers, and program administrators are increasingly implementing measures and mandates to facilitate the adoption of energy performance ratings, energy audits, and retro-commissioning of existing commercial buildings. Many of these measures require the work to be performed by a certified practitioner, which supports an increased need for a trained and certified workforce. The required certifications often vary widely between programs though, because managing personnel do not have access to standardized information about the content and availability of certification programs. Therefore, they cannot easily evaluate what minimum skills trained or credentialed practitioners possess.
Also, because of the current lack of guidelines or standards for commercial building operation practitioners, developers of energy efficiency legislation, mandates, and programs currently perceive that credentials alone are not enough, leading to the need to set further requirements, such as stipulations for minimum professional experience and additional review by licensed design professionals. These requirements add cost and complexity, slowing the implementation of energy efficiency initiatives and potentially excluding many workers who are capable of performing the work. This variance in requirements is also a barrier to building owners and workers. Building owners who own property in multiple jurisdictions cannot create a companywide policy on worker certifications to meet these requirements, and workers must invest in multiple certifications to service different locations.
A set of national guidelines or standards would lead to training and certification programs that have improved quality and are transferable across the nation and among employers. A training and certification provider coalition could act as a platform for industry to discuss, adopt, and maintain guidelines such as the JTAs. Adoption of the JTAs would lead to an increase in the market value of training and credentialing programs, increased transparency on what is taught or examined, and ensure a higher level of information is provided to workers investing in such programs.
In order for workers to confidently invest in a national training or credentialing program however, the program should By following a process that included a diverse set of practitioners from across the United States and a public comment and survey validation, the JTAs can act as unbiased foundational materials for a new approach to creating national training and certification programs. If the national training industry can agree on the use of these materials to streamline the minimum competencies taught or examined, practitioners will have a transparent way to show they possess the skill set necessary to produce high-quality work and meet the highest possible level of energy efficiency in building operations.
